Background A computed tomography (CT) scan is often the only study needed prior to surgery for resectable solid pancreas masses. However, many patients are evaluated with multiple studies and interventions that may be unnecessary. Methods We conducted a retrospective review of patients who presented to the Johns Hopkins Multidisciplinary Pancreas Cancer Clinic with a clearly resectable solid pancreas mass, >1 cm in size over a 2-year period (6/2007-6/2009) and underwent resection. Pancreas specialists reviewed patient records and identified an index CT with a solid pancreas mass deemed to be resectable for curative intent. Data were collected on all studies and interventions between the index CT and the surgery. Results A total of 101 patients had an index CT. Following the index CT and before surgery, 78 patients had at least one CT, 19 had magnetic resonance imaging, 9 had a positron emission tomography scan, and 66 underwent pancreatic biopsy. Patients underwent a mean of three studies with a mean added cost of $3,371 per patient. Preoperative tests and interventions were associated with a longer time to definitive surgical intervention. Conclusion Wide variation exists for evaluation of newly discovered resectable solid pancreas masses, which is associated with delays to surgical intervention and added costs.
Introduction
In order to achieve high-quality medical care, new technologies should be adopted based on their clinical utility to providers and the risk-benefit ratio to patients. [1] [2] [3] [4] However, many new technologies are incorporated into routine patient care before they are formally evaluated and many tests may be ordered by providers who are unaware of current best practices among specialists. [1] [2] [3] [4] Ultimately, the merits of a test or intervention should depend on how it can change management decisions and affect patient outcome.
Pancreas cancer has one of the fastest doubling times of any type of cancer in medicine. 5 As such, timely care and referral for definitive surgical resection when indicated is important. While provider preferences to evaluate a newly discovered pancreatic abnormality vary, there is a general consensus regarding the optimal work-up and management of a solid tumor that does not have any suggestion of local invasion or distant metastasis. Current evidence 6, 7 and consensus statements 8 recommend that solid tumors that are surgically resectable should undergo surgical exploration with no need for further testing. At Johns Hopkins, we do not routinely order an MRI for a lesion meeting the above criteria. We used the clinical scenario of this highly standardized presentation to study the variation in work-up among patients with solid pancreas tumors and associated delays to surgical intervention. Elucidation of the variation in practice patterns can help guide efforts to better standardize best practices when these practices are consensus-led and clinically feasible.
Methods

Data Base
Patients undergoing pancreatic resection at the Johns Hopkins Hospital were identified in the Johns Hopkins Pancreas Database, a repository of clinical information on all patients who have presented to our institution and are seen through the Multidisciplinary Pancreas Cancer Clinic. This data is collected prospectively and maintained for research purposes in accordance with HIPPA regulations and with approval from the Institutional Review Board at Johns Hopkins Hospital. For this study, patient information was available from December 2006 to September 2010.
Patient Selection
We retrospectively identified patients who underwent surgical resection of the pancreas for a solid pancreas mass greater than or equal to 1 cm where the intent of surgery was curative. Patients with masses less than 1 cm were excluded to ensure that those patients that were selected had definitively resectable lesions without further imaging. The size of the mass was determined by preoperative computed tomography (CT) scan. We also excluded patients with liver metastasis, peritoneal implants, pancreas cysts, renal insufficiency, previous palliative surgery or those treated with neoadjuvant therapy. Additionally, we excluded patients where imaging indicated abutment or encasement of the portal vein, hepatic artery, superior mesenteric vein, superior mesenteric artery, the celiac trunk, or any other vessel involvement that would deem the mass to be borderline resectable or unresectable. Our rationale in choosing these criteria was to identify patients with whom it would be expected to determine their eligibility for surgical intervention without need for studies and interventions beyond a CT scan.
A multidisciplinary pancreas team including oncologists, radiologists and surgeons reviewed the medical records of each patient meeting the above inclusion/exclusion criteria.
For each patient, the team used all available records to identify an "index CT" defined as the first CT imaging that clearly identified the patient as meeting criteria for surgical resection without further evaluation. The index CT was either a CT angiogram or a pancreas protocol CT.
Data Extraction and Statistical Analysis
Patient records were reviewed to identify studies and interventions that occurred after the index CT but before surgery. Specifically, we extracted data on the following studies: CT scan, magnetic resonance imaging (MRI), positron emission tomography scan (PET), abdominal ultrasound (US), esophagogastroduodenoscopy, endoscopic ultrasound with and without biopsy, endoscopic retrograde cholangiopancreatography (ERCP) with and without biopsy, percutaneous tube cholangiogram and biopsy, and percutaneous biopsy.
The date of index CT was recorded and subtracted from the date of the operative note to determine days between diagnosis and surgical intervention. The costs of the studies that we report are the Medicare facility fees. This was used as it was the most consistent way to report the study costs.
Descriptive statistics were used to describe the frequency and distribution of studies per patient work-up. A t test analysis was performed to determine an association between the number of tests and the days between the diagnosis and surgery and the days between diagnosis and presentation at the multi-disciplinary clinic. Charge to costs ratios from the Johns Hopkins Hospital were used to estimate the total added costs of these studies including studies performed at other institutions. Significance for all tests was set at a p value less than 0.05. All p values are two-tailed. All the analyses were performed using JMP ® 9.0.0 software (SAS Institute Inc., Cary, NC).
Results
A total of 101 patients with a solid resectable mass of the pancreas greater than or equal to 1 cm who underwent resection for curative intent met the inclusion criteria of this study. Demographic and clinical data are shown in Table 1 . Fifty-two percent were women and the age range was 31-89 years with a mean age of 63.6 years. Seventy-four percent of patients underwent a pancreaticoduodenectomy and 22 % underwent a distal pancreatectomy. Adenocarcinoma was the most common tumor type.
The number of additional tests undergone by patients after index CT ranged from 0 to 8 with mean of 3 ( Table 2 ). There were only seven patients who had no additional studies after the index CT and before surgery. The most common additional imaging studies included CT, MRI, and PET. The most common procedural diagnostics included EUS, EUS with biopsy, ERCP and ERCP with biopsy. The total estimated costs of all studies after index CT in the study population was $340,504 or approximately $3,371 per patient (Table 3) .
The mean number of days a patient waited for surgery from the first time a resectable pancreas mass was discovered on CT scan was 43 days. On average, patients with no additional tests (n=7) underwent surgical resection within 22 days, those with 1 additional test (n=9) in 49 days and those with 5 additional tests (n=10) within 61 days (Table 4) . A t test analysis indicated that there was an increase in time to surgery with increasing the number of tests after the index CT from 0 to 1 test. Overall, there is a trend of increasing time to surgery with increasing number of tests (Fig. 1) .
The mean number of days from the index CT to the patient's first appointment in our multidisciplinary clinic was 24 days. On average, patients with no additional studies were seen in our clinic within 2 days, those with 1 additional test in 26 days and those with 5 additional tests in 32 days. A t test analysis indicated that there was an increase in time to being seen in our multidisciplinary clinic with increasing the number of tests after the index CT from 0 to 1 test. Overall, there is a trend of increasing time to being seen in our multidisciplinary clinic with increasing number of tests (Fig. 2) .
Discussion
CT is the most widely used imaging modality for the diagnosis and staging of pancreatic cancer. Over the past two decades, technological advances have revolutionized our ability to evaluate the pancreas. The introduction of multidetector row helical CT scanners has markedly improved the speed and quality of cross-sectional imaging. Numerous studies have examined the efficacy of CT in the preoperative staging of pancreatic cancer. In determining resectability, positive predictive values of 90-100 % have consistently been reported. [9] [10] [11] [12] [13] [14] [15] [16] [17] . Bipat et al. 16 published a meta-analysis of 1,823 patients, which showed the sensitivity and specificity of helical CT for determining resectability to be 81 and 82 %, respectively. It also demonstrated that CT was superior to both MRI and US. In a retrospective review correlating the CT, surgical, and pathological findings of 110 peri-pancreatic vessels in 22 patients with pancreatic adenocarcinoma, Vargas et al. 17 reported a negative predictive value of 100 % and an accuracy of 99 % (one falsepositive) in detecting vascular invasion. For these reasons, CT has become the standard imaging test for all patients prior to undergoing surgical exploration for pancreas masses. At Johns Hopkins, we use CT as the single best test to determine resectability of a solid pancreas mass and based on this study alone, we choose to offer patients a surgical exploration. PET imaging has not been shown to impact clinical management for pancreatic disease given its relatively low sensitivity 9-11 and it is not FDA approved for evaluating solid pancreas tumors.
ERCP and EUS are relatively safe endoscopic procedures; however, there is the potential for complications. The most common complications are pancreatitis, hemorrhage, and bowel perforation. [20] [21] [22] [23] [24] [25] Eloubeidi et al. reported a 2.5 % incidence of immediate complications following EUS-FNA. 20 Another study reported an immediate complication rate of 6.85 % for ERCP with a mortality rate of 0.33 %. 21 With these life-threatening complications in mind, the potential value added from these studies should be considered. Preoperative tests should only be obtained if the result will change management decisions. In our study of 101 patients over 4 years, we found that patients who had clearly a resectable pancreatic mass on CT scan underwent an average of 3 additional studies prior to resection. On average, patients with no additional tests following an index CT underwent surgical resection within 22 days while those with four additional tests waited 43 days. There was an increase in time to surgery with undergoing no studies after the index CT scan compared to undergoing one study after Fig. 1 Mean number of days to surgery from the index CT scan versus the number of tests performed between the index CT scan and surgery. The error bars are the standard error of the data the index CT. With greater than one additional study, although it was not significant, there was a trend of increasing time to surgery with each additional study. In a cancer that has one of the fastest doubling times of any type of cancer, 5 this additional time to surgery could theoretically have a clinical impact. Additionally, there was an increase in time to being seen in our multidisciplinary clinic with undergoing no studies after the index CT scan compared to undergoing to one study after the index CT scan with a trend of increasing time to be seen in clinic with each additional study. If patients were referred to a specialty center early in the workup for a solid pancreas mass, this could also theoretically also have a clinical impact. In addition to the possible health consequences of extra testing, the financial costs of cancer care are a burden to people diagnosed with cancer, their families, and society as a whole. National cancer care expenditures have been steadily increasing in the United States. Cancer care accounted for an estimated $104.1 billion in medical care expenditures in the United States in 2006 of which pancreas cancer care accounted for $1.9 billion. 18 Overall, approximately 33.6 % of expenditures are in the first year after diagnosis. 18, 19 Despite the high cost to Medicare in the first year following diagnosis, there is limited information on particular categories of cancer-related expenditures, especially costs of the preoperative work-up. As health care expenditures continue to rise, understanding associated cost trends and which components of treatment are contributing unnecessarily will be important in planning for future health budgets and adopting standards of care. In our study, we found that the mean added cost per patient of additional studies was $3,371, which is 6 % of the median household income. 26 Moreover, this mean added cost was only the cost of the Medicare facility fees. This excludes any additional costs of the test such as professional fees, pharmaceutical costs, lab costs, as well as costs to the patients in terms of time lost from work. Therefore, our added cost value is likely an underestimate. This could have a significant impact on any family, especially one where one member is not able to work due to illness, as well as a significant impact on the rising costs in our healthcare system. Figure 3 shows an algorithm for work-up of a patient with a clinical suspicion of pancreas cancer to prevent testing that may be unnecessary.
While this study highlights overtreatment in the work-up of a subset of patients with pancreas solid tumors, we recognize some important limitations to this study. Cancer care should be individualized to the patient. On occasion patients with atypical appearing masses may benefit from such additional tests. For example, if a high-risk patient has a solid mass that appears indolent, then a biopsy to establish the diagnosis can be helpful in surgical decision-making. Also, a referral bias likely skews the data towards increased testing. Furthermore, we did not include those patients who presented with an index CT but ultimately did not undergo surgery at our institution. Another limitation is that this study does not account for the heterogeneity of patients presenting with solid pancreas masses with a history of pancreatitis that may warrant further investigation. Similarly, rare patients with liver impairment due to biliary obstruction may benefit from a temporizing biliary stent. Finally, costs are derived from estimates based on charge to cost ratios used at our institution. 
Conclusion
Disparities in quality of care may be represented in the wide variations we observed for a highly standardized presentation of a solid, resectable pancreas mass. This variation is sometimes associated with long delays to surgical intervention and added costs. Any patient with a localized solid mass in the pancreas that is clearly resectable by CT should have a surgical exploration offered to them, provided there are no other contraindications. Standardized guidelines and education for providers who are not pancreas specialists could spare patients the delays, risks, and costs of unnecessary studies and interventions.
